Respiratory failure may be defined as the inability to maintain normal oxygen and carbon dioxide tensions in the arterial blood under normal atmospheric conditions. This condition will lead to serious functional disturbances of the cardiovascular system if hypoxia and hypercapnoea become severe. In addition, parenchymatous disease of the lungs, disorders affecting the mechanics of the thoracic compartment, and disorders affecting the lung blood vessels themselves will impair normal blood flow through the lungs. As a result of these changes the function of the heart and circulation will be disturbed, and will ultimately lead to congestive cardiac failure. Cor pulmonale may be defined as that group of circulatory disorders arising as a result of parenchymatous disease of the lungs themselves, and acute cor pulmonale may further be defined as heart failure secondary to acute parenchymatous lung disease associated with respiratory failure.
It is the purpose of the present paper to review the acute circulatory changes associated with respiratory failure, and also to discuss possible circulatory effects that may be produced by some of the resuscitative procedures often used in the treatment of patients with acute respiratory failure. (2) Parenchymal Disorders of the Lungs Chronic parenchymal disorders of the lungs comprise the largest source of disease associated with the development of cor pulmonale. Although these conditions commonly result in chronic heart disease, episodes of acute cor pulmonale may occur suddenly in such patients from time to time. These acute episodes are usually precipitated by the onset of an acute respiratory infection with productive sputum affecting an already seriously disorganized lung. Acute ventilatory failure ensues with the development of intense hypoxia and hypercapnoea which, in turn, lead to the development of acute right heart failure. The factors most concerned in precipitating heart failure in such conditions will be discussed in later sections. (Kety and Schmidt, 1948) . In company with these changes there is a rise in cerebrospinal fluid pressure (Rich, Scheinberg and Belle, 1953) which may be accompanied by characteristic symptoms and clinical signs. Headache is commonly complained of, and ophthalmoscopic examination of the eyes reveals distended fundal vessels and papillcedema in the severer cases (Westlake, Simpson and Kaye, 1955 In right-sided heart failure there is an increased excretion of aldosterone in the urine (Wolff, Koczorek and Buchborn, 1957) It follows that the volume of the pulmonary vascular bed must be grossly reduced before its reduction will become an important factor in causing pulmonary hypertension. However, serious reduction of the pulmonary vascular bed becomes an increasingly important factor in the late stages of emphysema. This is probably the main factor responsible for the persistently raised pulmonary arterial pressure at rest, and its further rise with exercise, seen in severer cases of emphysema (Hickam and Cargill, 1948) .
AEtiology (i) Respiratory

The Heart
Acute hypoxia causes an increase in pulse rate, and a rise in cardiac output in the normal heart (Assmussen and Nielsen, I955; Doyle, Wilson and Warren, 1952 ) partly due to the increase in heart rate and partly due to an increase in stroke volume. The mechanisms involved in producing the rise in cardiac output are complicated and they are well reviewed by Korner (I959). Part of the hypoxic cardiac output response may be due to an increase in circulating adrenaline, and part to both the direct and reflex effects upon the systemic and pulmonary circulations of hypoxia already discussed. The increased heart rate and stroke volume are also due to a combination of direct humoral and reflex stimulation of the heart itself.
In cor pulmonale the work of the heart is increased both as a result of the increased pulmonary vascular resistance, and also as a result of the increased cardiac output that takes place.
This increase in work associated with severe myocardial hypoxia accelerates the development of heart failure. McMichael and Sharpey-Schafer ('944) first showed that the cardiac output was often raised in patients with chronic cor pulmonale. However, they also recognized a group of patients with cor pulmonale in whom the cardiac output and blood pressure were below normal (Howarth, McMichael and (Fig. 4) . These striking changes in the jugular venous pressure indicate acute right ventricular overload as a result of acute obstructive pulmonary hypertension from the pulmonary embolism. Treatment of Acute Cor Pulmonale with Respiratory Failure Unless effective oxygenation of the arterial blood is rapidly produced the patient will die from a combination of cerebral depression and heart failure in the manner already outlined in previous sections.
The administration of oxygen to patients with bronchitis and emphysema and respiratory failure with gross hypoxaemia and carbon dioxide retention presents considerable practical difficulties, for the abnormal gas contents of the arterial blood combine to depress the cerebral centres. Oxygen therapy will tend to remove the hypoxic stimulus to the aortic chemoreceptors so that further respiratory depression and apnrea may be precipitated as the hypoxic response is removed. Intermittent oxygen therapy has serious disadvantages (Campbell, 1960) and more effective measures for oxygen administration consist of providing oxygen-enriched gas mixtures (25-30% oxygen) combined with the use of intravenous or frequently repeated intramuscular injections of large doses of Nikethamide (4-8 ml. i.m. fourhourly) as a means of stimulating respiration (Campbell, 1960; Campbell and Westlake, 1958 The persistent rise in intrathoracic pressure will seriously impede venous return of blood to the heart. This is shown in Fig. 7 . The intracesophageal pressure, which is identical with the intrathoracic pressure, is shown in the lower half of the tracing. When the intrathoracic pressure is raised some 40 mm.Hg .the effective right atrial pressure (dRa=right atrial pressure minus aesophageal pressure, measured by a differential manometer) falls towards zero as venous return to the heart is prevented by the sustained increase in intrathoracic pressure. When the intrathoracic pressure is allowed to return to normal, the right atrial pressure rises once more as venous return to the heart is resumed. Notice also that inspiration, being accompanied by a fall in intrathoracic pressure, assists venous return to the heart with a consequent rise in effective right atrial pressure during inspiration. Fig. 8 shows a similar record with oesophageal pressure below and effective pulmonary artery pressure above. When the intrathoracic pressure is raised suddenly for a short period, right heart output is so impaired that pulmonary arterial pressure falls to very low levels indeed. Fig. 9 shows a typical record from a patient with poliomyelitis undergoing positive pressure ventilation in whom the inspiratory pressure was increased from 5 cm. H20 (left-hand record) to I5 cm. H20 (right-hand record).
The 
